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(54) 

(57) A pro-aligne r Tsceivefi wa+ers from a water car- 
rier of process track and performs prepaiatory steps 
^□ch as centering of th^ wafer The prepared wafer » 
transferred to The wafer table using a vshcA arni ttiat ts 
isolated trorrt the pre-aligner and the waler tabte. The 



robot arm couples to the pm-^rignsr to pick-up the 
wafer, decouples, couptes to the wafer tabte and depo*- 
Its the wafer. Positional aceuracy o1 the ^fer is thereby 
maintained during the transfer. 
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De!acrlptlon 

tOOOl) The present inv©ntk>n relates to substrate, 
9 9. wafer, handling apparaius. More particwiaily, the 
invention relates to a substrate handier for use m a fith- s 
^graphic projaciion apparatus comprising: 

a radiation system for supplying a projection beam 

of radiation; *_.u*w_ 
a mask table provided with a masK holder for hoW- io 

ingamask: . ^ - 

a substrate tabl6 provided vflth a substrate holder 
for holding aeubsiiata; . ^, . ^ . 

a projection system for imaging an Irradiated por- 
tion of the mask onto a target portion of the sub- ts 
strale; 

a pro-aligner for carrying out an initial alignment of 
a substrate; and 

a substrate handler lor transferring a substrate fmm 
eaid pra-aHgnerto said substrate table. 20 



[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be reterred to as the "lens": how- 
ever, this term should be broadly Interpreted as 
enoompaseing various typos of proiectKsn system. 25 
including relraofive optfcs, reflective optics, cptadio^t^ 
systems, and charged particle optics, for example. The 
radiation system may also include oiemerts operating 
according to any of these principles ior directing, shap- 
ing or controlling the projection beam, and such ele- ^ 
ments mey also be referred to betow, oollectn/ely or 
singularly, as a "lens". 

rooosq UhhograpWc projection apparatus can \ae 
used, for example, in the mamjfacture of integrated cir- 
cvits (ICS). In such a case, the mask (reticle) may con- 35 
tain a circuit pattern corresponding to an individual iayer 
of the IC, and this pattern can be imaged onto an expo- 
sura area (die) on a substrate (silicon wafer) wh»ch has 
been coated with a layer of photosensitive material 
(resist). In general, a single v^afer will contain a whole 40 
network of adjacem dies, v/hich are successively irradi- 
ated via the reticle, on© at a time- In one type of mho- 
graphic projection apparatus, each die is irradiated by 
exposing the entire reticle pattern onto the die in one go: 
such an apparatus Is commonly referred to as a virafer 49 
stepper. In an ahernativB apparatus - whfch is com- 
monly referred to as a step-and-scan apparatus - each 
die Is irradiated by progressively scannir^g the reticle 
pattern under the proiection beam in a given referen«» 
direction (the ''scanning" direction) vtfMle synchronously so 
scanning the substrate table twafer table) parallel or 
anTi-parallel to this direction; since, in genoTal. the pro- 
iection system will have a magnincation factor VI (gener- 
ally ^ 1), The spoed V at which the wafer table >s 
scanned will be a factor M times that at which the mask ss 
table (r^icle table) is scanned. More information wi^ 
regard to lithographio devices as here described can be 
gteaned from International Patent Applicaiton 



WO97/33a05, lor example. 

rO0O4] Until voiy lacently. lithographic apparatus 
contained a single mask table and a single sybstrate 
table. However, machines are now becoming available 
in which there are at least two independently moveable 
subsets tables; see, for example, the multi-stage 
apparatus described in International Patent Applica- 
tions W098/28665 and WOQ8/40791 . The basic oper^- 
ing principle behind such muhi-stage apparatus is that, 
while a first substrate table is at a exposure position 
underneath the projection system for exposure of a first 
substrate tocated on thattable. a second substrate table 
can run to a loading posHion, discharge a previously 
exposed substrate, pick up a now substrate, perform 
same Initial measurements on the new substrate and 
then stand ready to transfer the new substrate to the 
exposure position underneath the projection system as 
soon as exposure of the first substrate is completed: the 
cycle then repeats. In this manner H is possiblo to 
increase substantially the machlrie throughput, which In 
turn improves the cost of ownoiship of the machine. It 
should tje understood that the same principle could be 
used with just one substrate table which is fWfed 
between exposure and measurement positians. 
100051 In a known lithography apparatus, sub- 
strates for exposure - such as wafers - can be firei 
loaded irom a wafer can-ier or process track into a pre- 
align module, so as to prepare the substrates for expo- 
sure. One of the most important aspects of suchprepa- 
r^ion is a prealignment step. In this step, the wafer is 
placed on a p re-aligner turntable and its edge Inspected 
by rotating it past an edge sensor, whteh may comprise 
an optical or capacHive sensor, tor example. This era- 
bles automatb location of the notch or flat edge of the 
wafer, and also alhjws the eccerrtrfcity of the vt/afor on 
the turntable to be measured. In this way: 



- the notch or flat edge can be automatically oriented 
as desired, before the wafer is transferred to the 
subettate table: 

- It can be determined If the eccentricity of the wafer 
exceeds a thioshold value which, when translated 
to the substrate table, would CEWse the vrafer to fall 
outside the capture range of an alignmem module 
employed at the substrate table, ft such is the case, 
then the wafer can first be shifted on the turntable 
by a pi^^culated amount, so as to bring it within 
the threshold value. 

Once these steps have been performed, a substrate 
handler can remove the wafer from the tumabte and 
place it on the wafer table whh a preclsran which w,U 
allow wafer capture by the alii^nment module. 
[0006] However, the present inventors have deter- 
mined that the various activities of tna pre-aJigner are a 
source of undesirable vibratjcns which can induce over- 
lay errors if pre-alignmsm steps are carrted out whilst 
another water is being exposed. It Is undesirabio to not 
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D0i1b'rm pre-^'''gn^6"^ ooncurf©nt)y with exp^jsure? as 
'SiV^duoes throughput. Ate., if ^ pr^-aligner is 
m^hlntetty isofe^ from th^ w^t^ table to pravam 
t^mtesion of vibration, tb^ir relativo posd.on no 
lanaor ba certain to a sufficient accuracy to allow th© 

whh the required precision. 

lOOOT! An object of the present invention is to pro- 
vide a eubstmte handler capable of transferring ^ub- 
fitialee from a pre^aligner to ^ substrate table in a 
fiihographio projection apparatus ^v^^f ^ ^^^^'^^^^ 
tra^mbslon of v1br^k,ns to the substrata tab^ w^n 
pre-a!ignment stops ar« carried out on one eubstr^te 
concurrently witfi exposure of another substrate^ 
TQ0081 Acconiing to the present invemion there is 
pnwided a lilhogr^hic projection apparatus compne- 
ino: 

a radiation system for supplying a projection beam 

of radiation: . ^ j 

a masK table provided with a mask hoWerfef twW- 

Ino a mask; , . 

a substrate table provided with a subsh^e holder 
for holding a substrate; _ 
a projet;iion system lor imagkng an irradi^ por- 
tion b1 the mask onto a target portion cf the sub^ 

I pre-aiigner forcanying out an initial alignmer^t of 
a substrate; and .^♦^^^ 
A substrate handler for transfemng a substrate from 
said pw-aligner to said substrate table; 
characterized in that: 

said pre-aligner fe mechanteaJly Isolated from said 
substrate table; and by 

coupling means for selectively coupling saKi sub- 
strate handlertoaaid substrate table ai a known rol- 
atjve position. 

roooai Becavse the pre-alignof of the present 
Untion is mechanically isolated from the substrate 
table, which earrlee the substrate during wposura proc- 
esses vibrations caused by the pre-alignment steps are 
nottrslnsmlttedtoths subsirai© during aicposure. To pro- 
vide positional accuracy in the transfer of substrates, 
the substrate handler couples to the substrate table to 
define its position relatwe thereto and only then depos- 
its the substrate In the substrate holder. The substrate 
handler can have a fixed position relative to the pre- 
aligner or may be mechanically isolated from as weU 
and couple to it to ptk up the substrate. CoupHng to the 
pre-aligner ensures that, ©van ]f the substrate handler is 
teolated from the pre-aJigner. rt is at a known. S-fl- P«tJ^ 
lennined. position rBl^ive to the pre-aligner when the 
substr^B is pidced up so ihej it will be held m the sutH 
strata handler at a knowrv position. Sirnilarh^. 
subst«tfe handler is coupled to the substrate table, its 
relative position is Known and the posittonal accuracy^ 
the substrate when in the pre-aligner is preserved m ihe 



transfer. W the i^uhstrale handler couples to both the 
teble and the pi^^ligner, its relative posibon 
Is known relative to the pre-aligner when ttie f "bstrate ^ 
picked up from that pm-aligner and its rel^n^ position 
is known FBlat-ivo to the substrate table v»hen the sub- 
strate is depositfi. soch that the accuracy of the pre- 
alignlr^ is maintained during the tfansfer. 
100101 In pmferred embodiments, when 
ktiate handler approaches the pi^llgner or sub^e 
tatota their relative positions are known only coame^^ 
Once the subSliate handler Vias made an inrt«l contact 
wlihthepre-aiignerorsiibstratetabieanautomaliccj^^^^^ 
pling mechantem bnngs the two together in a predeie^ 
mltSdphysic^ relationship This can be ^^j^^ed us^^ 
an enci«ffeclor member on the substrate handler which 
is loosely coupled to the substrate handler. The end- 
effector member carries half of a coupnng whfch mates 
with corresponding halves on the pm-aHgner and sub- 
strate table. TTie two halves of the coupling are mechan- 
x> k:aUy biased to take up the conect positbn on couphng, 
without the necessHy for the substrate handjer as a 
whole to be as accurately aligned to the sub strato taWe^ 
[001 11 According to a further aspect of the present 
invention there is provided a method of manuf actunng a 
25 device using a IWiographic projection apparatus com- 
prising: 

a radiation system for supplying a projectksn beam 
of radiation; - ,j 

JO a mask table provided with a mask holder far hold- 

Irig a mask; 

a substraie table provided with a substrate holder 
for holding a substrate; 

a projection system for imaging an irradiated por- 
ss tion of the mask onto a target portion of the sub- 
strate: and 

a pre-aligner for carrying out an initial alignment of 
a substrata; the method comprising the steps of : 
providing a mask bearing a pattern to said ma^k 

40 table; 

pfwiding a substiate having a radiation-sensitive 
Isyer to sakJ pre-aligner and prepanrig it for expo- 
su«: 

transferring saW substrate from said pre-aligner to 
45 said substraie table using a substrate handler; and 
imaging said irradiated portwns of the mask onto 
said taiget portions of the substrate; 
characterized in that' 

said step of tmnsferring said substrate from said 
pre-aligner comprises the sub-steps of; 

picking up said substraie from said pre-aligner; 
coupling said substrate handler to said sub- 
stT^a table: 

placing said substrate in said substrate holder 
of said substrate table. 



[00121 I" » 



manufacturing process tising a tWio- 
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graphic projQciion apparatus according to the Invention 
a pattern in a mask is imaged onto a substrate which is 
at least paniaHy covered by a layer of energy-sensitive 
materia! (resis!). Prior to thJa imaging step, the substrate 
may undergo various procedures, such as priming, s 
resist ooaiing and a soft bake. After exposure, tho sub- 
strate may be subjected to other procedures, such aS a 
post-e;cposure hake (PEB), development, a hard bake 
and measurement/inspectinn ot the imaged featunea. 
This array of procedures is used as a basis to pattern an ^ 
individual layer of a device, e.g. an IC Such a patterned 
layer may then undergo various proceseos wich as 
etching, ion-implantation (doping), metallization, oxHa- 
tion. chemo-mechanicai polishing, file. aH iniencted to 
finish off an individual .layer. H several l^ers are 
required, then the whole procedufe. or a variart thereof, 
will have to ba f©peated foreach new layer. Eventually, 
an an-ay of devices (dies) will be present on the sut>- 
strai© (wafer). These devicee are than separated itom 
gne another by a technique such as dicing or sawing, eo 
wheru» the individual dwicos can be mounted op a car- 
rier conrtecied to pins. etc. Further Information regard- 
ing such processes can bo obtained, tor example, from 
the book "MiciDchip Fabrication! A Practrcal Guide to 
Semiconductor Processing". Third Edition, by Peter van -25 
Zanl, McGraw Hi« Publishing Ca. 1997, ISBN 0-07- 
067250-4. 

10013] Although specHic reference may be made in 
this text to the use of the apparatus according to the 
invemion in the manufacture of ICs. H should be explic- so 
itiy undaretcod that such an apparatus tia^ many other 
possbie applfesttons. For example. ii may be employed 
in the manufacture of irtegfated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
orios. liquid-crystal display panels, thin-film magnetJC ss 
heads, etc. The skilled artisan wiU appreciaie that, m tha 
comeTct of such alternative applications, ary use ot the 
terms "reticle", 'Wer or:die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "exposu re area\ respectively. ^0 
[0014]' In the present documant, the terms "radia- 
tion" and "beam" are used to encompass all types of 
electromagnetki radiation or particle flux, including, but 
not limited to, ultraviolet ladiation (e.g. at a wavelength 
of 36Snm, 2^nm, I93nm. I57nm ar 126nni), extreme 45 
ultraviolet radiation (EUV). X-ray5» electrons and ions. 
Ateo herein, the invention is described using a re^arenoe 
system of orthogonal X. Y and Z directions and miaiion 
about an axis parallel to the / diroctton is denoted 
Further, unless the context othefwise requires, the term » 
'»v©riitar (2) used herein is intended to refer to the 
direction normal to tha substrate or mask surface, rather 
than implying any partkiulai' orientatfen of the appara- 
tus. 

[0015] The present inverttion w'JI be described S5 
below with reference to exemplary embodiments and 
the accompanying schematic drawings, in which: 



Figure 1 depicis a lithographic projection apparatus 
according to a first embodlmem of the invention; 
Figure 2 depicts a pre-aiigner and substrate han- 
dler of the firet embodiment; 
Figure 3 depicts the pre-al^ner and substrate han- 
dler of the first ambodimem vnhh a virafer placed on 
the pre-allgner; 

Figure 4 depicts tho pfe-alignef and substrate han- 
dler of the first embodiment with a wafer on the sub- 
strate handler, which is extertded; 
Figures 6A to 5C depict a pra-aligner and substrate 
handler of a second embodiment of the invetvtion; 
Figures SA and SB depict the substrate handler and 
wafertable of the second embodiment of the inven- 
tion; 

Figure 7 depicts a coupRng mechanism of a third 
embodiment of the invention ; 
Figure 8 depicts the coupling mechanism ot the 
third embodiment when the substrate handler is at 
a slight angle to the pre-aligner; and 
Figure 9 depicls tin© couphng mechanism ot the 
third embodiment with the end-effector correctly 
aligned with the prve-ar^ner. 

[00161 *n drawings. Uke rafiarenoee indicate Uke 

parts. 



EmbodimemJ, 

[0017] Figure 1 schematically depicts a lithographic 
pmjecton apparatus according to the invemion. The 
apparatus comprises: 

. a radiation system LA. Ex. IN. CO for supplying a 
projection beam PB of radiation (e.g. UV or GUV 
radiation, elerffons or iorK); 

* a mask table MT provided with a mask hokter for 
hokJing a mask MA (e.g. a reticle), and connected 
to first positioning means for accurately positioning 
the maskv/ith respect to item PL: 

• a subatrate tablo (wafer table) WT provided wHh a 
substrate holdor for hoWing a substrate W (e.g. a 
resist-coated alficon wafer), and connected to sec- 
ond posittonir^ means for accurately posittoning 
the substrate with respect to item PL; 

- a projection system ("lens'T PL (e.g. a refractive or 
catadioptrk: eyst«m, a mirror group or an array of 
fieM deflectors) for imaging an irradiated portion of 
the mask ft^A onto an exposure area C (die) of a 
substrate W hold in the substrate table WT 

[00183 As her^ depicted, tne apparatus is of a trans- 
mi^ivetype (i.e. has atransmisswe mask). However, in 
general, it may also be of a rellect'rve type, for example. 
[00191 The radiation system comprises a source LA 
(e.g. a Hg lamp, excimer laser, an undulator provided 
around the path of an electron beam in astorage ring or 
synchrertron. a laser plasma source or an electron or ton 
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beEim sowfce) which produces a beam of radiation and 
an mumination syst^oi- "me beam is P^f ^f^^" 
ous optical componems-comprised .n the .llum.nauon 
eystem - e.g. beam shaping optic* Ex. an .ntegrator IN 
a gondensGr CO - se> that the ^sutort beam PB 
has a desired shape and irnensriy distnbuiton h its 
croes-sM'ion. 

ro02(n Th© boam PB subsequentiy Intercepts the 
mask MA which is held in the mask holder the ma^ 
table MT. Having passed through the masK MA, tr» 
baamPB passes trough th. 

beam PB or*o an exposure area C of the substrate W. 
With the aid of art interferometric displacement and 
m^suring means IF, the substrate t^e WT can be 
moved accurately by the second posmorang means, 
e a so as to position different exposure areas C m ihe 
patk of the beam PB. Similarly, the first positionir^ 
means can be used to accurately position the ^f^J^ 
with respect to the pal of the beam PB. e,^ sSiBt 
Z^M retrieval of the mask MA from a ^ 
^ry. in general, movemem ofthe "^^k tabb^^^^^^ 

stroke module (course positioning) and a short-«tF^ 
module (fine positioning), which aie ^^'^^ ^ 
depicted in Figure iMnthe ceee Ql a vr^^^^^ 
cpposed to a step^and-soan apparatus) the mask^^^^^^ 
MTr^y be connected onV to a shon-siroke positioning 
dev Ice or may be just fixed. 

(0021) The depicted apparatua can be used in two ^ 

different modes: 

1. In steR-and^repeal (step) mode, the mask table 
MT is kept essentially stationary, and an em.re 
mask image is projected In one go (i-e. a smg^e 
^Sh') omo an exposure area C. The 3ubsuate 
table VVn- is then shifted in the X and/or Y directions 
80 that a difteiom ©.posura area C can be irradi- 
ated by th© beam PB: 

2 Inltep-and-scan (scan) mode, essentially the 
same scenario appfies, except that a Qiy^ri e^ 
Bure area C is not exposed in a single Hash . 
instead, the mask table m Is movable .n a grven 
dIrecUon (the so^alled "scan direction . e.g. the Y 
direction) with a speed so that the pro|ect.on 
beam PB is caused to scan over a mask image, 
concun^ntly. the substrate table WT is moved .n the 
same or opposite direction ai a spaed V - My , m 
which M is the magniTication of the lena PL (typ^ 
cally. M - 1M or 1^). In this manner, a relatp^eiy 
large exposure area C can be exposed, without 
having to compnamise on resolution. 

ro02Zl Figure 2 shows a pr^afign unit 1 compiling 
a or^-allgner 2 and wafer handling oomponents. After a 
wafer has been transferred f mm a wafer earner or pme- 
ess track to the pre-aligner 2. the f'^^^'^'^'tl'^^ 
IS started. Pre-alignment may include water odge dele- 
tion e.g. using an optical sensor, wafer centenng and 



temperature conditioning. The pre^ignment proce^ 
and pre-aligner are deacribed further in a concurrent^ 
tiled appfication entitled "UhograpHc Projection Appa^ 
raius- (Applicam^s reference P^135.010). for e»iample. 
100231 Once pie^lignmeni isxianplete, the waferjs 
transferred to a wafer table WT by load robot 3 (the 
"substraio handled). The load wbot 3 is equipped with 
an independent and separate trajectofy safeguard sys- 
tem in order to prevent water breakage. During opera- 
tion ofthe load robot 3. measured absolute position and 
derived velocity of the load robot 3 are compared with 
permitted position aiid velocity- Remedial action caii be 
taken in the evert of divergence. The position of the 
wafer on the pre-aligner 2 is known vwth high accuracy 
and it must be placed on the wafer table WT with the 
required accuracy. i.e. within the capture range of the 
alignment system empteyed at the wafer table WT. To 
this end, the load robot 3 prcA^lded vrith a docking unn 
(the -coupling means") 31 which couples to the pre- 
I aligner 2 when taking up the wafer W and to the wafer 
tebte WT when pulling it down. The docking unrt 31 may 
be of the ball/groove kinemaJic coupling type With the 
ban provided on the docking unit 31 and grooves on the 
pre-aJigner 2 and wafer table WT. Preferably, the dock. 
J Ing unit 31 couples to the pre-aligner 2 and wafer table 
WT at two spaced apart positions.. F^r safety reasons 
the rotating part of the load robot 3 is provbed with a 
light shieki 32 to prevent any stray light from the expo- 
sure position escapii^ to the pre-align unil 1 or process 

v track- A *wa 

ro02«l After full exposure, an unload robot « trans- 
fers the wafer W from the wafer table WT to a discharge 
station 5. The unload robot 4 m^ be constructed airnh 
larly to the toad robot 3, but does not have such high 

S5 accuracy lequiremems. The wafer W is ^ken from the 
discharge station 5. also referred to as the PodtestaU to 
the v^raler carrier 6 or process tr^ck. The unload rebo 4 
can also be used to load v^rs from the pre^Iigner 2 
to the wafer table WT, Conversely, the l^*^/"^'^^^ 

40 alsobeusediotransferwafersfmmthewafertableWT 

to the discharge station 5 or the v«afer earner 6. 
10025] Pre-align unit 1 may further be prov-d^d with 
a caier handler 61 which enables the use of differem 
types of vwrter carrteTS, such as 200mm and 300 mm 
45 c^sette carriers. The carrier handler 61 cari be config- 
ured on either the left or right side of the lithographic 
proiaclion apparatus and armnges for accepting and (if 
applicable) locking wafer carrier 6. inspecting and index- 
ing waler cater 6 and (H applicable) openir^ cater 6 and 
5. T^flicvlng wafers. The cater handler 61 can be us^^^^^^ 
store looted wafers or wafers that need further 
processing, in the wafer cater 6. 

10026] In Figure 3. the pre-align unit 1 is shown m a 
first loaded position. In this position, tiie pre-aligner 2 
55 contains a water 71 . which has been pre-aligned and 
conditioned, whilst the load robot 3 «^ P^^"^"^ 
tmnsfer the wafer 71 . alter half rotation of the load robot 
tto W wafer table WT. The unload robot 4 earrtes a 
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vwafer 72, which has been removed Imm the wafer table 
WT after expoeurQ. and which, attsr half rotation of the 
uiiload robot 4. wiU be transferred to *he discharge sta- 
tion S. 

[0027] \r\ Rguro 4, the same pre-align unit 1 (s 
shown but with arm 33 of tho toad robot 3 extended for 
ti^er of wafer 71 to the wafer table WT exposed 
wafer 72 is BtiB oft the wntoad robot 4. 

rooaa] Figures S A to 5C. 6A and 6B show schemat- 
ically a load robot (substrate handler) iM of a aecond 
embodiment of the invention. FunctionaW/, and save as 
described below, the second embodimem is the same 
as the first emboditnent 

[0029] Load robot i30 comprises a iWD^part arm 
1 31 wtiich is rotaiable mounted to ba^ 1 32 so that the 
arm can extend from the position ehown in F^uies SA 
and B to reach a pre-allgner 2. as shawm in Fgure 5C, 
and awafer table. A pick-up hand I33fe provided on the 
end of arm 131 and has two fingers 134 which are 
in^rted iindomeaih wafer W. as shown in Figure 5C, to 
pick-up the wafer W. Pfek-up hand 133 also can-ies one 
couplins halt l35a of which mates with a coiresponding 
coupling-half 135b (the "goupfing means") provided on 
the pre.a«gner 2- The ooupiing 135a, iSSb is used to 
ensure that the pick-up hand 133 is accurately posi- 
tioned relative to the pre-ali^nor 2 whan the wa^er W is 
picked up. The connection between pick-up hand 133 
and arm 131 allows a certain amount of movement 
between them so that the pick-up hand can t>e moved 
imo correct aKgnmant by the eoupl'tng 1 35a, 1 35b even 
If the arm 131 is not perfectly aligned. Hence, the wafer 
is accurataly posrtionad on the picl^-up hand 133 and 
car be placed on the wafer table ^ wHh corresponding 
accuracy. 

[0030] Figures 6A arid B show the wafer tabls WT 
which is moveable. As such it can be brought to a pre- 
determined position relative to a fbted member 136 
which carries another half coupling 135c to mate with 
the coupling half 135a provided on the pick-up hand 
133. 

g=rjiboe^ment ,3, 



[0031] A coupling mechanism used in a third 
embodimem of the irwontion fe shown schematically 
Figures 7. S and 9. Othenwiso, the third embodiment is 
similar in form and function to the first and second 
embodiment. 

100321 As sho^.vn in Rgure 7, the coupling moans ol 
the third embodiment comprises a frame 235a fixed to a 
robot arm 231 (substrate handler) and a docking plate 
235b fixed to the wafer pra-aligner 2. A similar docking 
plate Is attached to the water table WT, An end-effector 
member 301 is loosoV attached to the frame 235a and 
can^ies two sets of roller bearings 302, 303 and 306, 



307. The first set. of roller bearings 302, 303 ara 
arranged so that when tho robot arm 231 is brought into 
dock with the pre^llgner 2. first roller bearing 302 
engages a groove 304 in the docking plate 236b whilst 
5 second roller bearing 303 hears on bearing su rlace 305 
on the docking plate gaSb. The engagement of roller 
bearing 302 with groove 304 fixes the posttion of end- 
effeotor member 301 relative to docking plate 235b in 
the Y direction whifet tho engagement of roHer bearing 
to 303 vrith bearing surface 305 fixes the position of end- 
effector member 301 in the X direct'ion. The third and 
fourth roller beaiings 306. 307 ol the second sat engaga 
a similar groove 30$ and surface 309 when the robot 
arm is coffoctfy aligned so as to similarly fix the position 
75 of ©nd-effecior member 301 reiaiive to the frame 235a. 
A spring 310 couples end-effector member 301 to the 
frame 23Sa and biases It towards the position where 
roller bearings 306 and 307 respociively engage groove 
308 and bearing surface 309. A pick up hand (e.g. the 
20 pick up hand 133 of figure 5 and 6) for picking-up the 
wafer is rigidly attached to the end-effector member so 
thai when the end-effector member 301 is guided to the 
correct posi^n by docking plate 235b. the piCk up hand 
is in the correct position for picking-up tho wafer, h/lls- 
25 alignmem of the end^ffoctor member301 relative to the 
frame 235a is detected by quadceU detector 311 and 
tho position or orientation of robot arm 231 can be 
adjusted accordingly. The quadcell 311 is used to bring 
the robot ann 231 into coarse alignment wHh the pro- 
so aligner 2; fine alignment is effected by the ond-effactor 
member 301 and the robot arm 231 need only be 
brought dosa enough to the cor red position to altow the 
end-effector member 301 to move to correct alignment 
with the docking plate 23Sb. The quadcell detector 311 
j5 is also used to cortrod whether the spring 31 0 is com- 
pressed enough to ensure thai the roller bearings 302 
and 303 are pressed against the docking plate 235b 
with sufficient force. 

[003^ Figures 8 and 9 illustrate how this arrange- 
40 ment is used to ensure conect alignment between the 
robot arm 231 and pre-aligner 2. If the robot ami 231 
approaches the pre-aRgner 2 at a slight angle to correct 
aligriinent, one of the first and second roller bearings, 
o g roller bearing 302. will engage docking plate 235b 
4tf first As the robot arm 231 continues to advance, the 
and-effector member 301 will be pushed out of align- 
meni with frame 235a as the other of f ir^ and second 
roller bearings 302. 303 comds into engagement with 
docking plate 235b against the biasing force of spring 
SO 31 0. This is the position shown in Figure 9. The pick-up 
hand stiHIy attached to the end-effector member 301 is 
now in the co n-ect position to pick-up the wafer from the 
pre-aligner 2. It win be noted that this coupling mecha- 
nism only locates the robot arm 231 relative to the pre- 
ss aligner 2 and waJer table VVT in the XY plane. Precise 
locatbn in Z is not necessary. 

t0034] As mentioned above, a conresponding dock- 
ing plate is provided on ihe wafer table WY tot use in 
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ioadiQS tha weler W onto th© w&lar lable WT. 
worn Whilst we have described ab^e specffic 
^JdifnariB of the «ion tt will be ^prec.aled t^«t 
th^ mvarrtion may b. practiced ^^^^^''^^^^^^f^^^^ , 
described, for example the inventton als*. be used 5 
in relicte handBn^ Tha descriplipn Is not intended to 
tiniHthalnvdntiga 

Claims jg 

1. A lithograph'ic projectton apparatus csomprising; 

a radiation system for supplying a proiactien 
beam of radiation: 

a masK t^e provided with a mask holder lor 

holding a mask; . 

a substrate table provided wrth a subetraie 

holder for holding a substrata; ^ 

a projection system lor imaging an irradlaiea 

portion of the mask onto a target portion of the a 

substrata; 

a pre-aligner for canying out an Initial 
aligpmem ol a subetraio: and 
a subsuate handler for transferring a sub- ; 
strata from said pre-aUgnar to aald sub- 
strate table: 
eharacterizadinthat: 

said pre-aligner is machanicaliy isolatad 
from eaid substrate table: and by 
coupling mearts lor selectively coupling 
said substrate handler to said subetrat© 
table ax a known relative poailion. 

2. Apparatus acc^^rding to claim 1 wherein coupling 
rnaans is further arranged to aetectivaV couple to 
said pTB-aligner at a known talaiive position. 

3, Apparatus according to claim 1 of 2 wherein sakj 
coupling means compri^s a member loosely 
mounted to saki substrala handler, docking means 
arranged selectively to couple said member to aaid 
pre-aRgner and said eubstraio table. 

0. Apparatus according to claim 3 further comprising 
blaSng means arranged to bias said member 
towards a predetermined position relaiP/e to said 
substrate handler. 

5 Apparatus according to claim 1 , 2. 3 or 4 wherein 
' said coupling means comprises a first part provided 
on said substrate handler and two second paits^ 
one provided on each of eaid pre-aligner and saiO 
substrate table, for coupling wKh said linstpart 

6. Apparatus according to claim S wherein saW ^st 
p^rt comprises a roller bearing and each of said 
second parts comprises a docking plat© having 
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therein a groove with which said roBer bearing can 
be ckisely engaged. 

Apparatue according to claim 6 wherein en^ge- 
mem of said roller bearing and said groove defines 
the relative position of said substiate handler and 
said pre-aligner or substrate table in a first direction 
substantially paraUel to the plane of said Si^str^e 
whan heW In said pre-aligner or said substr^Sa 
tdble. 

Apparatus according to claim S or 7 wherein said 
first part further comprises a second roller beanng 
and said docking plate further defines a beanng 
surface aganst which said second bearing can 
bear to define the relative position of said siJastrate 
handler and said pr^-aligner or substrarte table in a 
second direction substartlially parallel to the plane 
of sakJ substrate when haW in said pra-aligner or 
said substrate table, and substantiaUy perpendicular 
to said fiTSt direction. 

9. A method of manufacturing a device using a fitht^- 
graphic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a mask table provided wi*h a mask hoWer tor 
holding a mask; . . ^ 

a substrate table provided with a substrate 
holder for holding £i substrate; 
a projecUon system for imaging an irradiated 
portion of the maek omo a target portion a1 the 
substrate; and _ 

' a pre-aligner for canying out an mrtial align- 
ment of a substrate; the method comprfeing the 
steps of: 

providing a maak bearing a pattern id said 

mask table: 

providing a substrate having a radiatlo^-se^s^- 
tive layer to said pra-aligner and preparing it for 
exposure; 

transferring said substrate trom said pre- 
alignerto said substrate table using a substiale 

handler: and 

imajMng said irradiated portrons of the mask 
onto said target portions of the substrate: 
characterized in that; 

said step of transferring said substrate from 
said pro^Kgrwr comprises the sub-steps of: 

picking up F.aid substrate from said pre- 
aligner; 

coupling said substrate handler to said 
substrate table ; 

placing said substrate in said substrate 
holder of said substrate table. 
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10. A devico maniHaciured according to the method o1 
claim 9. 
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